One interesting mode of heterometal addition to the Keggin-type polyoxometalate clusters is capping, whereby a capping metal reduces the overall charge of the cluster. Several heterometals, such as V Here we show that capping/uncapping reaction can be reversed for vanadyl capping group. Although many kinds of cappedKeggin clusters are known, reversibility is not commonly shown, nor well understood. We believe that reaction studies at the capping site in the Keggin ion can be particularly useful for 35 polymerization studies that exploit reactions at the caps. We note that a controlled capping reaction of [PMo 12 O 40 ] 3-by using electrochemical reduction to produce Co II -, V IV -, and Sb III -capped Keggin ion has been reported previously.
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The PSb 2 Nb 12 cluster (Fig. 1) (Fig. 1 ). Only seven TMA ions were found in the crystal structure, but elemental analysis and TGA data ( Fig. S2 ) of the compound better agrees with nine TMA, as was the case in PSb 2 Nb 12 and 65 PV 2 Nb 12 . We thus conclude that two TMA are disordered in the solvent region and thus could not be found during the structure refinement. In the ESI-MS spectra, the products always showed small peaks with lower m/z number and we tentatively assign this impurity as the mono-capped [PNb 13 O 41 ] 12-(PNb 13 ) ( Figure S1 ).
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A Ge IV -centered [GeNb 13 O 41 ] 13-as Cs + or Rb + salt was structurally characterized recently, and this also supports our assignment of the small impurity peaks as the PNb 13 . 12 In the structure of PNb 14 , capping Nb V =O are slightly tilted from the pseudo-C 4 rotational axis of the Keggin ion (angles of P1-Nb13-O41=173.04° and P1-Nb14-O42=170.24°) (Fig. S3) Fig. S4 and S5 ). Although PNb 12 should possess a -15 charge, only 10 TMA ions are found in the crystal structure, and this number agrees with elemental analyses and TGA data (Fig. S2) more downfield shift in PSb 2 Nb 12 is attributed to higher electronegativity of antimony compared to niobium. The spectra of PNb 14 features additional small peak at 1.04 ppm. We propose that the small peak arises from PNb 13 , as indicated by ESI-MS (Fig. S1 ). The 31 P-NMR peak of PNb 12 is broader than the peaks 45 of bicapped Keggin compounds, due to less symmetric P-O bonds at the center of the structure. The P-O bonds in PNb 12 range 1.500(10)-1.628(11) Å, while the P-O bonds in PSb 2 Nb 12 and PNb 14 have more regular P-O bonds (1.529(7)-1.594(7) Å and 1.544(9)-1.559(8) Å, respectively).
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Stability of the clusters in solution was checked by via 31 P NMR (Fig. 2) . When the compounds were dissolved in D 2 O, PSb 2 Nb 12 , PNb 14 and PNb 12 showed peaks at 6.4, 5.4 and 5.2 ppm, respectively, and the peak from PNb 12 was broad, similarly to MAS NMR. The PNb 14 showed large amount of unassignable 55 broad peaks upfield, suggesting polymerization of PNb 14 in water.
In methanol, PNb 14 shows two peaks at 4.8 and 3.9 ppm with integral ratio 1:0.3, which might correspond to PNb 14 and PNb 13 .
The sharp peaks in methanol confirm that the series of broad peaks of PNb 14 in D 2 O are due to polymerization of the 60 molecules in water. FT-IR spectra (Fig. S6 ) of the three compounds are all similar to that of previously reported PV 2 Nb 12 , featuring P-O band around 1025 cm -1 , Nb=O band around 880 cm -1 and some Nb-O-Nb bands between 850-600 cm -1 . 14 We note that the FT-IR spectrum of PNb 12 generally shows broader bands 65 than other compounds, possibly due to its less compact structure due to the absence of capping ions.
Fig. 2
31 P MAS NMR (left) and 31 P solution NMR (right) spectra. The apparent peaks at 2.8 ppm (right) is an instrumental artifact.
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The stabilities of these clusters were monitored by ESI-MS as a function of pH ( Fig. S7 to S9 ). PSb 2 Nb 12 was seen to be stable between 4<pH<12, similar to the stability range of PV 2 Nb 12 . The PNb 12 was stable in the higher pH region (6<pH<12), which is consistent with its formation condition at high pH and its high 75 molecular charge. A solution of PNb 12 formed precipitate when pH was reduced to below pH=6, consistent with charge neutralization. In contrast, The PNb 14 cluster exhibited a narrower pH stability range (8<pH<12), and the cluster was unstable when titrated with acid.
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Both PNb 14 and PNb 12 can directly react with Sb 2 O 3 or V 2 O 5 to form PSb 2 Nb 12 or PV 2 Nb 12 by simple hydrothermal treatment at nearly quantitative yields. By using ESI-MS, we were able to monitor the reaction in a capped vial at 100ºC and 70ºC for antimony and vanadium capping, respectively ( Fig. S10 and S11 (Fig. 3, Fig. S11 ). Thus the reaction apparently occurs via stepwise substitution from PNb 14 
Conclusions
We demonstrate that P- 
